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Key Points 
 
 It is important to understand the extent to which quantitative measures of deformity 
correction in scoliosis correlate with self-reported improvements in patients’ quality of life 
following surgery. 
 Scoliosis Research Society questionnaire scores, radiographic outcomes, and rib hump 
correction were prospectively assessed for a group of 100 patients before surgery and at 2 
years after surgery. 
 Patients with the lowest postoperative Cobb angles reported significantly higher SRS scores 
than those with higher postoperative Cobb angles, but there was no difference on the basis of 
rib hump correction or other radiographic measures. 
 There were no significant differences in SRS scores between patients with rod fractures or 
screw-related complications compared to those without complications. 
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Introduction 
 
Thoracoscopic (endoscopic) anterior instrumentation for thoracic scoliosis correction is a viable 
alternative to open techniques for selected thoracic curves. A decade of prior studies have reported 
on the radiographic outcomes of this minimally invasive technique, as well as perioperative 
outcomes, pulmonary function recovery and clinical outcomes.1-18 Several advantages of the 
thoracoscopic instrumentation technique over open scoliosis surgery using both anterior and 
posterior approaches have been reported in these studies, including an improved cosmetic result, 
less levels fused, reduced blood loss, decreased incidence of infection and neurological 
complications, shorter hospitalization, reduced pain and chest wall morbidity and faster recovery 
of pulmonary function. 
The Scoliosis Research Society (SRS) have developed and validated outcome instruments (SRS-
24, SRS-22) for self assessment of patient quality of life after adolescent idiopathic scoliosis (AIS) 
surgery.19-22 These questionnaires have subsequently become the standard measure for assessing 
the clinical outcome of scoliosis patients and also enable comparison between different surgical 
procedures. 
Although good radiological outcomes have been reported after thoracoscopic scoliosis surgery, 
4,6,7,10-12,18
 D’Andrea et al,23 Wilson et al24 and Merola et al25 have shown that radiological 
outcomes correlate poorly with clinical outcomes after open scoliosis correction techniques. 
Encouraging clinical outcomes have been reported after thoracoscopic instrumentation of 
scoliosis,7,8 but only Newton et al12, Lonner et al26 and Crawford et al27 have used the SRS 
outcome instrument. Smith et al28 studied a group of 128 AIS patients and found that patients’ 
perceptions of their appearance after posterior fusion procedures (USS and Moss Miami) did not 
correlate well with radiographic measures, using the Quality of Life Profile for Spinal Disorders 
(QLPSD) questionnaire. 
To our knowledge, no prior studies have examined the relationship between deformity correction 
and clinical outcomes for thoracoscopic anterior spinal fusion patients using the SRS-24 
questionnaire. Accordingly, the purpose of this study was to prospectively evaluate the relationship 
between clinical outcomes (SRS-24 questionnaire results) and deformity correction (radiographic 
parameters and rib hump) at two years after thoracoscopic scoliosis surgery. 
 
Materials and Method 
 
Study Cohort. Between April 2000 and January 2007 a total of 100 consecutive patients underwent 
thoracoscopic anterior instrumented fusion using a single rod technique to correct progressive 
idiopathic scoliosis (Figure 1). The study data were gathered prospectively for all cases. The 
option to undergo a thoracoscopic procedure was presented to each patient after clinical and 
radiological assessment by the senior authors to assess suitability. Patients and/or their parents 
were given the option of either open posterior or thoracoscopic anterior surgery, and the benefits, 
risks, and potential complications associated with each approach were presented. 
 
Surgical Technique. The surgical procedures were performed by the two senior authors (GNA and 
RDL) at the Mater Children’s Hospital in Brisbane, Australia. The surgical technique has been 
reported previously (see Figure 2).13,15  Briefly, the disc spaces of the levels to be instrumented are 
cleared and packed with either femoral head allograft (58 cases) or mulched autograft (rib heads 
for 35 cases, iliac crest for 7 cases). Allograft is supplied through the Queensland Bone Bank 
(either cadaveric donation or femoral head donation at time of hip replacement). Bone banking in 
  
Australia is well established and tightly regulated by health authorities. Donors are screened using 
stringent protocols employed for organ donation. The bone is irradiated and stored at temperatures 
in the vicinity of -70Celsius. Autograft was used early in the series but due to donor site pain and 
the inadequate volume of bone available, an alternative was sought to achieve what our surgeons 
consider to be optimum conditions for bony fusion. If instrumentation extended beyond T12, an 
interbody spacer cage packed with graft material was placed between T12 and L1 to assist the 
spine’s transition into lordosis. A single 4.5mm diameter rod was used for the first 69 procedures 
and a 5.5mm diameter rod was used for all subsequent cases. The Eclipse (89 cases) or Legacy (11 
cases) Instrumentation systems (Medtronic Sofamor Danek, Memphis, TN) were used to achieve 
curve correction using a standard compression technique with x-ray monitoring.  
 
Clinical Outcomes Evaluation. Patients were assessed before surgery and at 2, 6, 12 and 24 
months after surgery. A prior study by our group has evaluated how the clinical outcomes scores 
(SRS-24) for a similar cohort, changed throughout the 24 month follow-up period27. At each 
attendance patients completed the SRS-24 questionnaire until March 2006. After March 2006, the 
SRS-30 questionnaire was implemented as a replacement for the SRS-24 questionnaire. This 
change was made as a result of articles published by Asher et al.20,21,29 which modified the SRS-24, 
resulting in the SRS-22 questionnaire. However, for compatibility with earlier questionnaire 
results, the SRS-30 was used which included all the questions of the two (SRS-22 and SRS-24) 
questionnaires.30  
The SRS-24 questionnaire has been previously validated by Haher et al.19 The pre-operative 
section consists of 15 questions corresponding to 4 domains (pain, general self-image, function 
from back condition and general level of activity). The post-operative section consists of the same 
15 pre-operative questions but also includes an additional nine questions which correspond to a 
further three domains (postoperative self-image, postoperative function and satisfaction). 
Therefore in total the SRS-24 consists of 24 questions forming seven domains as outlined in Table 
1. Each question is scored out of a maximum of 5 points resulting in a mean score of between 1 
and 5 for each domain and a possible total score of 120. 
 
Radiographic Evaluation. At the preoperative and 24 month review, patients had a standardized 
posteroanterior (PA) and lateral standing radiograph. The use of PA radiographs has been shown to 
reduce breast irradiation by 92%, and by 99% when combined with shielding and filtration.31 Cobb 
angles were measured by experienced spinal orthopaedic surgeons (radiographs were measured by 
a group of 12 clinicians over the 7 year duration of the study, including authors GNA and RDL) 
and other radiographic parameters were measured according to Scoliosis Research Society 
definitions (SRS Revised Glossary of Terms). Curve correction was calculated and expressed as a 
percentage of the preoperative curve Cobb angle. A prior study analysed how key radiological 
parameters and rib hump change during the two years following thoracoscopic anterior scoliosis 
correction surgery for this patient cohort.18 
The following radiographic parameters were investigated before surgery and at 24 months after 
surgery; Cobb angle of the major curve including the superior, apical and inferior vertebral levels, 
instrumented Cobb angle (after surgery), Cobb angle of the distal compensatory curve, shoulder 
balance, T5-12 sagittal kyphosis, coronal spinal balance (distance of midpoint of C7 body from the 
central sacral line on a PA radiograph) and sagittal spinal balance (distance of midpoint of C7 
body to a vertical line through the posterior superior corner of the sacrum on lateral radiograph). 
Proximal compensatory curves were present and measured in too few patients to analyse 
  
meaningfully, as the patient group that suits the thoracoscopic surgical technique, typically do not 
exhibit this curve to any degree.  
After surgery, we distinguish between the major Cobb angle and the instrumented Cobb angle. The 
major Cobb angle is a true measure according to the definition of Cobb,32 i.e., between the most 
inclined endplates at the proximal and distal ends of the postoperative major curve. The 
instrumented Cobb angle is measured only for the instrumented vertebral levels, and therefore does 
not always encapsulate the full extent of the postoperative major curve. This distinction has been 
described, illustrated and results reported in numerous earlier studies involving this cohort.13,15,18,33 
 
Rib hump assessment. The rib hump (Figure 3) was measured before surgery and at 24 months 
afterwards using an inclinometer (Scoliometer, Scoliosis Research Society, Milwaukee, WI). This 
simple device measures the rotary distortion of the torso in degrees, while the patient is in a 
forward bending position. Rib hump correction was calculated and expressed as a percentage of 
the preoperative rib hump. 
 
Statistical Analysis. Multiple regressions were performed using the total SRS-24 score (out of 
120) as the dependent variable, with the radiographic parameters listed earlier, as well as rib hump, 
and type of complication (if any), for a total of 25 independent variables (see Table 2). Also, 
multiple regressions were performed on each of the individual SRS domains, with the domain 
score as the dependent variable, and the same independent variables as given in Table 2. 
Regression analysis was performed using the SPSS statistical software (version 8.0 for Windows 
SPSS Inc, Chicago, Illinois).  
To further explore the effect (if any) of deformity correction on SRS scores, the entire patient 
cohort was then sorted by (a) major Cobb correction rate, (b) postop major Cobb angle, (c) rib 
hump correction rate, and (d) postoperative rib hump. After sorting, the individual domain scores 
(as well as total SRS score) for the twenty best (lowest postoperative Cobb angle, rib hump, or 
highest % correction rate) and twenty worst (highest postoperative Cobb angle, rib hump, or 
lowest % correction rate) cases in each sorted group were compared using unpaired one-tailed t-
tests.  
In order to determine whether postoperative complications affect SRS scores, unpaired t-tests were 
again used to compare the SRS-24 scores for each domain between 3 subgroups (i) patients with 
no instrumentation-related complications, (ii) patients with rod fractures following surgery, and 
(iii) patients with screw-related complications following surgery. Finally, unpaired t-tests were 
used to compare SRS-24 domain scores between the subgroup of patients who underwent bracing 
after surgery, with the subgroup of patients who were not braced. 
 
Results 
 
100 consecutive idiopathic scoliosis patients were included in the study consisting of 94 females 
and 6 males and all underwent thoracoscopic anterior scoliosis correction. All patients had 
progressive thoracolumbar curves with a major Cobb angle ≥35º at the time of surgery, and an 
inferior vertebral level no lower than L2 (which is the limit of access for the thoracoscopic 
technique). Mean age at the time of surgery was 16.1 years (range 10.0 – 46.6). 98 of the major 
curves were convex to the right and two were convex to the left. The curves were further classified 
according to Lenke et al34 with the majority (92%) being Lenke 1A, 1B or 1C. There were three 
cases with a co-existing structural proximal curve (Lenke 2A) and three cases with a structural 
  
distal compensatory curve (Lenke 3C). Early in the series two cases where the major curve was a 
left thoracolumbar curve (Lenke 5C) were instrumented thoracoscopically from T10 to L2.  
The mean number of levels instrumented was 6.8 (range 5 – 9) and the mean operative time was 
276 minutes (range 165 to 480). The mean intraoperative blood loss was a 308 ml (range 100 – 
1000). The mean length of stay in the Intensive Care Unit was 1.2 days (range 1 – 4) and the total 
hospital stay was a mean of 5.7 days (range 4 – 10). A prior study analysed perioperative aspects 
for a similar patient group and quantified the changes with increasing surgical experience.15 Of the 
patients who completed questionnaires at 2 years after surgery, 34 (38.6%) were braced for 12 
weeks, 12 (13.6%) were braced for 8 weeks, and 14 (15.9%) were braced for 6 weeks. The 
remaining 28 (31.8%) patients were left free of bracing after surgery as is now current practice. 
These changes in bracing practice represent a gradual reduction in bracing time from the initial 
patients in the thoracoscopic series (braced for 12 weeks) to the current practice of no bracing after 
surgery, based on increasing experience and confidence of the surgical team as more cases were 
performed. 
 
SRS-24 Scores. The number of full SRS questionnaires available for analysis at 2 years was 88 
(88.0%). 12 patients did not complete a questionnaire at 24 months after surgery due to either 
clerical error (n=4) or being lost to follow-up due to geographical isolation (n=8). The mean total 
SRS score for the entire cohort at 24 months was 99.4 (range 75 to 118), with 11 patients scoring 
between 110 and the maximum possible score of 120. The mean scores for each SRS domain at 24 
months post-op are shown in Table 3, with each domain normalised to give a score out of 5. 
Patients reported that their scoliosis correction procedure had increased their self image in 46 cases 
(52.3%) and had not changed their self image in 42 cases (47.7%). No patients reported that their 
self image had decreased after their thoracoscopic anterior correction. Within the SRS satisfaction 
domain, at 24 months 92.0% (n = 81) of patients were extremely satisfied or somewhat satisfied 
with the results of their scoliosis correction surgery and 93.2% (n = 82) would definitely or 
probably undergo the same treatment again. No patients were dissatisfied with their treatment and 
no patients reported that they would not undergo the same treatment again. Seven (8.0%) patients 
were neither satisfied nor dissatisfied with their treatment and six (6.8%) were unsure if they 
would undergo the same treatment again. 
 
Deformity Correction. The radiographic parameters (mean ±SD) investigated, rib hump measures 
and correction rates for the consecutive patient group are presented in Table 4. 
 
Mechanical Complications. There were 13 cases where the rod fractured (13.0%) and 10 cases 
(10%) with screw related complications. All the rod fractures occurred after the 12 month review, 
and were found on the 24 month radiographs despite the patients being asymptomatic. Screw-
related complications included six with top screw partial pullout, two with the bottom nut 
separated from the screw head, one with top screw plow, and one where the top screw moved 
partially off the rod. All the screw-related complications occurred in the early postoperative period.  
 
Effect of Surgical Outcomes on SRS scores. None of the independent variables in the multiple 
regressions were statistically significant at the P=0.05 level for any of the SRS domains, or for the 
total SRS score. However, when sorted by 2 year postop major Cobb angle, significant differences 
between the ‘worst’ (largest 20) and ‘best’ (smallest 20) postop major Cobb angles occurred for 
Pain (29.0 vs 31.65, P=0.006), General Self-Image (11.2 vs 12.7, P=0.018), Activity Level (12.35 
vs 14.4, P=0.006), Satisfaction with Surgery (12.75 vs 13.80, P=0.022) and Total SRS Score 
  
(95.25 vs 102.4, P=0.010). When sorted by 2 year major Cobb % correction, the 20 patients with 
the highest % correction had significantly higher SRS scores than the 20 patients with the lowest 
% corrections only for General Self Image (12.5 vs 11.05, P=0.024). When sorted by either rib 
hump correction or postoperative rib hump, no significant differences in SRS scores between the 
best and worst 20 patients in the cohort were found.  
Figure 4 shows a scatter plot of total SRS score versus post-operative major Cobb angle for the 
entire patient cohort, with the ‘best’ 20 and ‘worst’ 20 post-operative Cobb angles shown using 
different symbols. Figures 5 to 8 show similar plots for the four domains where the difference in 
domain score between the best and worst 20 patients (sorted according to post-op major Cobb 
angle) was statistically significant, namely; Pain, General Self-Image, Activity level, and 
Satisfaction with Surgery.  
There were no statistically significant differences between SRS scores when comparing patients 
without postoperative complications to those with either rod fractures or screw-related 
complications for any of the domains. When comparing patients who were prescribed a brace after 
surgery (n=60), to those (more recent) patients who were not braced after surgery (n=28), no 
significant differences in SRS scores were observed, with the exception of the Post-operative Self 
Image domain score, which was slightly higher in patients who had been braced after surgery (10.2 
vs 10.95, P=0.04). 
 
Discussion 
 
Surgical treatment of scoliosis is assessed in the clinic using radiographic measures of deformity 
correction, as well as the rib hump, but it is important to understand the extent to which these 
quantitative measures correlate with self-reported improvements in patients’ quality of life 
following surgery. In this study, we investigated the extent to which radiographic outcomes and rib 
hump correlate with patient-reported quality of life following thoracoscopic anterior scoliosis 
surgery using SRS questionnaire scores for a group of 100 consecutive idiopathic scoliosis 
patients.  
Several authors have previously reported clinical outcomes for patients undergoing thoracoscopic 
anterior scoliosis correction. Newton et al,12 reported mean SRS-24 results at 2 years after surgery 
for 45 patients and demonstrated similar mean domain scores to this current study. Newton et al,17 
found no significant difference in SRS-24 scores between two year (39 patients) and five year (25 
patients) follow-up, despite a trend for the mean value to be less at five years in all domains except 
Post-operative Function. Lonner et al reported mean SRS-22 scores at minimum two year follow-
up for groups of 26 patients,26 17 patients,35 and 28 patients14 undergoing thoracoscopic correction, 
compared with similar sized groups who underwent posterior correction. Two of these studies 
concluded that thoracoscopic patients reported higher scores in either some26 or all14 SRS domains 
than posterior surgery patients at the time of follow-up. The third study35 found no significant 
differences in SRS scores between thoracoscopic anterior and posterior surgery cohorts (pedicle 
screws). In a previous study by our group,27 we tracked SRS scores during the two years following 
surgery for a group of 83 patients, and found that thoracoscopic anterior instrumentation for 
scoliosis significantly improved Pain, Self-Image and Function and that after one year, no further 
improvements occurred in any of the SRS-24 domains. However, to the best of our knowledge, no 
previous studies have examined the relationship between radiographic parameters and SRS 
outcomes for a large series of thoracoscopic anterior scoliosis surgery patients. 
In this current study, none of the independent variables tested in the multiple regression analysis 
had any statistically significant correlation with SRS-24 scores for any of the SRS domains. This 
  
suggests that, across the whole patient group, SRS scores are not influenced by radiographic 
outcomes or rib hump. However, we then re-analysed the data by examining whether particular 
subgroups of patients had higher or lower SRS scores than other subgroups of patients. Since 
major Cobb correction and rib hump correction are the 2 key clinical parameters used to describe 
the success of both anterior and posterior scoliosis surgery, we sorted the patient group in order of 
major Cobb correction from best correction to worst correction, and then compared SRS-24 scores 
for the best 20 and worst 20 patients using t-tests. The same sorting and comparison process was 
also used to compare the best 20 and worst 20 patients sorted in terms of postoperative major Cobb 
angle, rib hump correction, and postoperative rib hump. When analysed in this manner, the data 
show statistically significant differences in SRS scores between the best and worst Cobb correction 
subgroups, but no differences when patients are sorted according to rib hump correction or post-
operative rib hump. 
On the basis of this finding we suggest that major Cobb correction (expressed in terms of 
postoperative major Cobb angle) is a more important predictor of patient satisfaction than rib 
hump correction. The reason for this is unknown, and as the scatter plots of Figures 4-8 show, 
there is a large amount of overlap between the groups. One partial explanation is that the highest 
scores (eg General Self Image scores of 15 in Figure 6) are more frequently recorded by patients 
with the best Cobb corrections (lowest post-op major Cobb angles).  
We also compared subgroups of patients who had experienced either rod fractures or screw-related 
complications after surgery with those patients who had no postop complications and found that 
the presence of a rod fracture or screw-related complication does not negatively impact on SRS-24 
scores. We suggest this is because rod and screw-related complications are not associated with 
clinically significant loss of correction in our patient group, as evidenced by a recent paper on the 
same cohort.18 Sweet et al,36 in a study of 90 open anterior scoliosis corrections, came to similar 
conclusions. Similarly, braced and non-braced patients were compared, and we found that the only 
significant difference between these two groups was for the Post-operative Self Image domain. 
Examination of individual patients’ scores for this domain shows that the maximum score in the 
non-braced group was 13 out of a possible 15 (3 patients), while in the braced group three patients 
scored 15, four patients scored 14, and nine patients scored 13. For this domain, the most satisfied 
braced patients therefore score higher than the most satisfied non-braced patients. 
There are some limitations to this study. As pointed out by Sweet et al,36 the SRS questionnaire 
was validated for comparison of postoperative AIS patients with asymptomatic adolescents. In this 
study, we used the SRS questionnaire on a single patient cohort to explore the influence of a 
relatively large number of possible independent variables. However, there are no other published 
instruments available for this patient population. Further, 5 of the 7 postop domain questions only 
have 3 possible responses, and so the response data are banded (eg see Figures 5, 7 and 8) which 
may make certain domains less sensitive to small differences in scores between patient subgroups. 
On the basis of the analysis of SRS scores for our cohort, we conclude that thoracoscopic scoliosis 
surgery patients overall report high levels of satisfaction with the procedure. Attempts at multiple 
regressions for the entire cohort found no significant relationship between radiographic outcomes 
or rib hump correction and patient satisfaction. When comparing SRS scores between the best 20 
and worst 20 patients sorted by major Cobb correction, there is a significant difference which 
appears to be due to the patients with highest Cobb correction reporting very high SRS scores. 
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Figures 
 
 
 
Figure 1. Typical pre and post-operative radiographs for thoracoscopic scoliosis surgery. (a) full 
length postero-anterior (PA) radiograph, (b) fulcrum bending radiograph (rotated 90 degrees), (c) 
full length post-operative PA radiograph, (d) full length post-operative lateral radiograph. 
(a)                         (b)                                            (c)               (d) 
  
 
 
 
Figure 2. Standing photographs of a thoracoscopic scoliosis surgery patient before surgery (left) 
and at one year after surgery (right). 
 
 
 
 
 
 
 
 
Figure 3. Forward bending photographs of a patient before surgery (left) and one year after 
surgery (right). 
 
  
 
Figure 4. Scatter plot of total SRS score versus post-op major Cobb angle for the entire patient 
cohort, with the best 20 and worst 20 corrections shown using different symbols. 
 
 
 
Figure 5. Scatter plot of Pain domain score versus post-op major Cobb angle for the entire patient 
cohort, with the best 20 and worst 20 corrections shown using different symbols. 
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Figure 6. Scatter plot of General Self Image domain score versus post-op major Cobb angle for the 
entire patient cohort, with the best 20 and worst 20 corrections shown using different symbols. 
 
 
Figure 7. Scatter plot of Activity Level domain score versus post-op major Cobb angle for the 
entire patient cohort, with the best 20 and worst 20 corrections shown using different symbols. 
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Figure 8. Scatter plot of Satisfaction domain score versus post-op major Cobb angle for the 
entire patient cohort, with the best 20 and worst 20 corrections shown using different symbols. 
 
 
Tables 
 
Table 1. Structure of the SRS-24 Clinical Outcome Instrument 
SRS-24 Domain Question No’s Contributing to 
Each Domain 
Pain                                    /35 1, 2, 3, 6, 8, 11, 18 
General self image             /15 5, 14, 15 
General function                /15 7, 12, 13 
Activity level                     /15 4, 9, 10 
Postoperative self image   /15 19, 20, 21 
Postoperative function      /10 16, 17 
Satisfaction                       /15 22, 23, 24 
 
Maximum possible score = 120 
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Table 2. Independent variables for the multi-linear regression analysis 
 
Independent variable Units/data type 
Preop - major Cobb degrees 
Preop – superior vertebral level T1-L5 
Preop – apex T1-L5 
Preop – inferior vertebral level T1-L5 
Preop – distal compensatory Cobb degrees 
Preop - Shoulder mm 
Preop-  rib hump degrees 
Preop – Sagittal plumb line mm 
Preop – Coronal plumb line mm 
Preop – T5-12 kyphosis degrees 
2yr postop - Major cobb degrees 
2yr postop – Major Cobb correction rate % % 
2yr postop Instrumented Cobb degrees 
2yr postop – Instrumented correction rate % % 
2yr postop – Distal compensatory Cobb degrees 
2yr postop – Distal compensatory corrected rate% % 
2yr postop – Shoulder mm 
2yr postop – rib hump degrees 
2yr postop – rib hump correction rate % % 
2yr postop – Sagittal plumb line mm 
  
2yr postop – Coronal plumb line mm 
2yr postop – T5-12 kyphosis degrees 
2yr postop – T5-12 kyphosis % change % 
Brace (y/n) Binary yes/no 
2yr postop - Complication Code 0 – no complications 
1 – rod fracture 
2 – screw related 
 
 
 
Table 3. SRS-24 mean total score and mean (±SD) scores for each domain at 24 months Post-op. 
 
SRS-24 Questionnaire Mean Score at 24 months (out of 5) 
All 24 questions 4.14 ± 0.39 
Pain 4.33 ± 0.53 
General self image 4.04 ± 0.66 
General function 4.26 ± 0.42 
Activity level 4.41 ± 0.86 
Postoperative self image 3.57 ± 0.62 
Postoperative function 3.32 ± 0.90 
Satisfaction 4.55 ± 0.50 
 
 
  
Table 4. Radiographic parameters (mean ±SD) investigated, rib hump measures and correction 
rates for 110 consecutive patients.   
 
Radiographic Parameter Before Surgery 
24 months 
after Surgery 
Correction Rate 
at 24 months (%) 
Major curve Cobb angle (°) 52.4 ± 8.5 24.9 ± 8.0 52.4 ± 13.4 
Instrumented curve Cobb angle (°) As above 21.3 ± 8.0 59.5 ± 13.1 
Distal Compensatory curve 
Cobb angle (°) 
32.2 ± 10.3 17.9 ± 9.9 46.7 ± 21.6 
T5-12 Kyphosis (°) 17.6 ± 8.5 30.3 ± 9.5 n/a 
Rib Hump (°) 16.4 ± 3.8 7.9 ± 3.5 51.2 ± 18.8 
Shoulder Balance (cm) 0.1 ± 1.3 -0.2 ± 0.9 n/a 
Coronal Spinal Balance (cm) 0.04 ± 1.5 -0.4 ± 0.9 n/a 
Sagittal Spinal Balance (cm) -1.5 ± 2.9 -1.2 ± 2.1 n/a 
 
Shoulder balance is displayed as a negative figure if the left shoulder is higher than the right, and a 
positive figure if right shoulder is higher than the left. Coronal spinal balance is the distance of the 
midpoint of C7 vertebral body from the central sacral line and is a negative value if C7 is deviated 
to the left and a positive figure if it is deviated to the right. Sagittal spinal balance is the distance of 
the midpoint of C7 vertebral body from a vertical line through the posterior superior corner of the 
sacrum on a lateral radiograph and is a negative value if C7 is posterior and a positive figure if it is 
anterior. All numbers are mean ± standard deviation. 
 
